Te é | : 

ae (Stat MBique 
a Mezcis) CALL NO. | Jerk] ° 

~N i = 
o | Ee | 
o | Analysis Division de Analyse 
=| i) Structurelle 
© | 
= 
(oe) 


| 


80-02-10 Revised Version of 
79-04-13 


STRUCTURAL CHANGE IN THE CANADIAN ECONOMY 
1961-1971 


~ ; 2 


is. Statistics Statistique 
~—“€anada Canada 


‘Structural Analysis Division de Analyse 
Division ‘ Structurelle 


80-02-10 Revised Version 
79-04-13 


STRUCTURAL CHANGE IN THE CANADIAN ECONOMY 


1961-1971 


SEVENTH INTERNATIONAL CONFERENCE 
on input-output techniques 


(Austria, 9-13 April 1979) 


80-02-10 Revised Version of 
79-04-13 ) 


STRUCTURAL CHANGE IN THE CANADIAN ECONOMY = 
1961-1971 


Shaila Nijhowne 
Stephen Gribble 
Kirk Hamilton 
Aftab Syed 


* Structural Analysis Division, Statistics Canada, Ottawa, Canada 


This paper presents some results of a study being undertaken in the 
Structural Analysis Division of Statistics Canada, Ottawa. It draws upon 
work done by Stephen Gribble, Kirk Hamilton and Aftab Syed, and the 
computational assistance of Bob Algie and Molle Wait. The study has been 
‘made possible by the availability. of Input-Output Tables for Canada for 
1961 to 1971, in 1961 prices, compiled by the staff of the Input-Output 
Division of Statistics Canada. 
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INTRODUCTION 


The purpose of this paper is to describe the methodology and to present 
some of the results of a descriptive analytical study of structural change 


in the Canadian economy, being undertaken at Statistics Canada. 


The study examines the growth in the real output of goods and services, 
domestically produced and imported and the changes in the structures of 
demand, supply and production between the years 1961 and 1971 as reflected 
in the constant dollar Input-Output tables for Canada for those years. For 
analytical purposes a distinction is made between the demand for goods and 
services by final purchasers and the demand for goods and services by 


industries for intermediate use as inputs in the process of production. 


The sectors which are the final purchasers, namely Consumers and the 
personal sector, Government Current Expenditure, Business and Government 
Investment and Exports, are examined in detail to identify their 
contribution to change due to changes in the level of their aggregate 


expenditure and in the composition of goods and services demanded. 


Changes in the structure of industrial interdependence, and in the pattern 
of inputs used in production, are assessed using a number of different 


techniques and measures. 


The study is descriptive in that it indicates the areas, magnitude and 
direction of change. However, the changes observed are the combined result 
of changes in classification and statistical definition, in the 
representation of the structure of the economy in the input-output 
framework, as well as real changes in the composition and pattern of final 
demand and in the product mix and input patterns of industries. These 
latter are, in turn, due to changes in the structure of industry, the 
availability of resources, relative prices and the technology of 


production. 


The study does not attempt to identify the particular underlying causes of 


the changes which are observed. 
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ME THODOLOGY 


The data which have been used to analyse the changes in the Canadian 
economy that occurred between 1961 and 1971 are those of the Statistics 
Canada Input-Output tables. This structural representation of the supply 
and disposition of the goods and services produced in the Canadian economy 
and imported, forms the basis of the study. The tables which have been 
used are those for 1961 to 1971 in constant 1961 prices. These data also 
form the structural parameters of the Input-Output models which are used in 


the analysis. 


The Input-Output Tables [t] 


The Accounting Framework of the Canadian Input-Output tables consists 
primarily of three matrices; MAKE (V), USE (U) and Final Demand (FD), of 
rectangular format, with a larger number of commodities (595) than 
industries (191) and final demand sectors (136). Each industry produces 
one or more commodities and each commodity is produced by one or more 
industries. The Use and Final Demand matrices each contain an associated 


primary input matrix. 


The method of construction of the tables is that the Make matrix, which 
shows the value of domestic output of commodities by industries is compiled 
in producer's prices. The Use and Final Demand matrices which show the 
disposition of supply among industries and final demand sectors, domestic 
and foreign, are first constructed in purchaser's prices. Total imports 
are shown as a sector of Final Demand, as negative entries against each 
commodity. At the second stage, the margins that make up the difference 
between producer's and purchaser's prices are deducted. These margins 
which relate to the cost of transportation, retailing and wholesaling and 
indirect commodity taxes, are reassigned to service or dummy commodities 
and to taxes. Finally, these revalued tables and the Make matrix are 
deflated to constant 1961 prices by the method of double deflation, each 
row of the tables being deflated by one price index for each commodity 


group, taxes being reestimated and value added being derived by difference. 
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The Input-Output Model 


The underlying assumptions of the input-output model used for this study 
are fixed market shares and industry technology. The latter assumption is 
expressed in the matrix B, whose (i,j)-th element represents the value of 
intermediate commodity i used per dollar of output of the j-th industry (B 
is calculated from the USE matrix for a given year); the former assumption 
is represented by the matrix D, whose (j,i)-th element is the proportion of 
the domestic output of commodity i produced by the j-th industry (D is 
calculated from the MAKE matrix). The market share matrix D serves to 
allocate commodity demands among producing industries. Multiplying these 
matrices gives DB, an industry-by-industry matrix which is the analogue of 


the traditional Leontief technology matrix A. 


In this study two variants of the Input-Output Model are used, their 


difference lying in the treatment of imports. 


1. In the first variant total imports are deducted from final demand. 
Thus for a final expenditure Y and vectors of industry and commodity 
outputs Xa and X_ respectively, the model is as described below. 
x. (I-DB)~*DY (1) 
where Y = F +E -M 


(i.e. total imports M are deducted from the sum of domestic final 


demand F and foreign demand for exports E,to give final expenditure on 


goods and services Y). 


% SoDx (2) 
g g 
and Xa = BX +F4+4E=-M (33 
Substituting (3) into (2) and solving 
ites (I-ps) "pif # E = (4) 
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2. In the second variant, imports are endogenized using the import share 
assumption. If a fixed share WG of the domestic disappearance of each 


commodity i is assumed to be imported 


M =o (BX, 4) (5) 
Substituting (5) into (3) 
x, = (1D (T-0)B) “DL (I-1) F + &] (6) 


The relationship between the two variants is given by (4) and (6) 
ae (TeDOSEL DGG ark Meeker“ 0)B TD LEAF sab: 


The calculations of the model are all performed at the large aggregation of 
191 industries and 595 commodities and the results are aggregated for 
presentation to categories shown in Appendix II which correspond to the 
medium aggregation (except for the final demand sectors) of the published 
version of the tables [1]. For reasons of confidentiality the Input-Output 


tables are not published at the large aggregation. 


The Analysis of Changes In Output And Demand 


Overview 


The study begins with an overview of aggregate supply, output and demand in 
the Canadian economy for domestically produced and imported goods and 
services (valued in 1961 constant dollars) as well as of real GDP at factor 


cost and employment, between the years 1961 and 1971. 


Relative Effect of Changes in Final Demand and Intermediate Demand 


The variation in domestic output between two years can be attributed to 
growth, changes in the composition of final demand and changes in the 
structure of intermediate demand. The analysis which follows uses the 
input-output model (variant 1) to examine the extent to which the variation 
in aggregate domestic output between two years is attributable to changes 
in the level and composition of final expenditure and to changes in 
intermediate demand as a consequence of changes in the input structures of 


industry. 
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The Final Demand Effect is estimated as the difference in direct and 
indirect output required to produce the actual final expenditure of two 
different years, with constant "structure and technology" or the input 


coefficients of one year. 


The Intermediate Demand Effect is estimated as the difference in direct and 
indirect output required to produce one year's final expenditure with 
changing "structure and technology" or the input coefficients of the two 
different years. 

The actual methodology used is: 

Total Change = x, - X,_, ={(1-DB)~'D1, ie SOqGTAE)” <Dipoast ts 


Final Demand Effect = [(I-DB)~"D],_4Y, - [(I-DB)"D], Lee 


Intermediate Demand Effect = [(1-DB)""D], Y, = [(1-DB)"D],_, Y 


where Y = final expenditure and exciudes total imports. 


and t-l refers to a previous time period. 


Growth by Industrial Sector 


A more detailed analysis by industrial sector, of the growth in output 
between 1961 and 1971 is undertaken next, in which the Finai Demand Effect 
is sub-divided between the extent to which, growth in the level of final 
expenditure (scale effect) and change in the commodity composition of final 
expenditure (pattern effect) may be regarded as having contributed to the 
estimated change. 

The actual methodology used is: 
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Scale Effect = [(I-DB)" "D1, SPP RS [(1-DB)""D1, 4 Ye} 


Pattern Effect 
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Analysis of Final Demand 


The methodology described above can be extended to isolate the contribution 
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to change, of as many factors or components, as one may wish to 
distinguish, by changing each factor in turn in combination with all the 
others, in as many permutations and combinations as there are factors. In 
view of the fact that the choice of order biases the results, ideally each 
factor's contribution should be estimated as an average of the results of 


all the possible combinations. 


This approach could therefore have been extended, to estimate the 
contribution of the major components of final demand, viz. consumers 
expenditure, government current expenditure, fixed capital formation, 
exports and imports and the change in the commodity composition of each to 
the change in commodity or industrial output. However, for this study, the 
analysis has been confined to an examination of the contribution of the 
various categories of final purchasers or sectors of final demand, to 
changes in the level and composition of final expenditure. The approach 
adopted is that of direct comparison of the final demand matrices for 1961 
and 1971. 


The Structure of Production 


The analysis in this section of the paper concentrates on an examination of 
"interdependence" between industries and of industrial input structures, as 


represented in the matrix of technological coefficients. 


Forward Linkages in Intermediate Production 


The right dominant eigenvector of the technology matrix DB can serve as a 
key structural indicator. Its derivation and interpretation is given in 
the Appendix where it is shown that the ranking of industries in the 
dominant eigenvector is an intrinsic (i.e. demand-independent) measure of 
the relative importance of industries as producers of intermediate goods, 
and therefore serves to measure forward linkage. This indicator should be 
interpreted with care, however, since it is sensitive both to relative 


price changes and to the level of industry aggregation. 


The dominant industries in terms of forward linkage possess an inherent 
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importance to the economy. Their dominance as intermediate producers in 
response to any stochastic increase in final demand means that capacity 
bottlenecks in these industries are in general detrimental to smooth 
short-term performance; conversely, the short-term resilience of the system 
in terms of its ability to meet stochastic increases in final demand would 
vary directly with the spare capacity in industries with dominant forward 


linkages. 


As the linkage patterns between domestic industries have been modified both 
by technological change and by varying trade patterns, the analysis 
separates these effects using variant 2 of the model which endogenizes 
imports (see equation (6)). First the changes over time in the actual 
systems are compared and then the changes which are purely attributable to 
changing trade patterns are measured, by comparing the forward linkage 


eigenvectors of the following matrices: 


(2) Do, (I-f)5, B>, is compared to D,) (I-fi) ,) Be) » and 
(ii) D5, (I-fi)7, By, is compared to DJ, (I-fi),) By). 


The eigenvectors are normalized to one million constant 1961 dollars (with 
"dummy" sectors eliminated), and changes in forward linkage are measured 
simply as differences between the eigenvectors corresponding to (i) and 
(ii). The vectors were calculated at the large industry aggregation (191 
sectors, corresponding roughly to the 3-digit SIC) and aggregated to the 


medium (43 sector) level to mask some of the "noise" in the system. 


Industrial Input Structures 


The input structures of industries are examined from various points of 


view. 


Direct Demand for Commodity Inputs 


To begin with, the extent to which each industry changed its direct 
commodity input structure, whether as a consequence of a change in its 


output mix or as a consequence of changes in the technology of production, 
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is examined by analysing the input coefficient matrix (B). 


The summary measure used is: 


een i 85 5(1971) . 4501961) ! 
where 
ik = commodities 
j = industries 
K = a scaling factor which produces indices of a convenient 


magnitude. 


C is thus an index of the amount of share exchanged among commodities in 
the input structure of industry j between 1961 and 1971. It measures the 
extent to which commodity shares of industry input structures (of 


domestically produced and imported commodities taken together) changed. 


Direct and Indirect Demand for Inputs 


Industries draw upon domestic production and imports for both their direct 
and their indirect input requirements. Therefore their demand is now 
analysed by making the import share assumption, and estimating the direct 
and indirect requirement from each source needed to produce a_ thousand 
dollars of industry output. Changes in the direct and indirect 
requirements for man years of labour per thousand dollars of industry 


output are also examined. 


Using variant 2 of the model, the direct and indirect requirements are 


calculated as shown below. 


domestically produced goods and services : it Te el-oaeal 
imports | View api siete Bi ae 
man years of employment e L' [I-D(I-1)B) 2 
where i. = inputs of goods and services 
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output by industry 


The calculations are performed at the large aggregation and the results are 
weighted by industry outputs for aggregation to the industry groups shown 
in the tables. The change in direct and indirect requirements is derived 
by subtracting the results for 1961 from those for 1971. 


Input Substitution 


Finally, the change in the input requirements of industries is examined by 
comparing the pattern of goods and services that would have been required 
by industry to produce the final expenditure (i.e. final demand net of 
total imports) of 1971, with the changing structures and technologies of 


production reflected in the coefficient matrices of different years. 
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RESULTS 


Overview 
The period 1961 to 1971 was a period of relatively steady annual growth in 


real terms for the Canadian economy as compared to the more erratic growth 
of the nineteen fifties. 


The total supply of goods and services, whether domestically produced or 
imported, valued in 1961 prices, grew from $75.0 billion in 1961 to $131.9 


billion in 1971, at an average growth rate of 5.8% per annum. 


The final demand which this total of goods and services met either directly 
or by being embodied in production, grew from $40.7 billion to $71.8 


billion, also at an average rate of 5.8% per annum. 


The proportion of aggregate goods and services which were directly 
purchased by final demand remained an almost constant proportion of total 


supply, between 53.4% and 54.7%. 


The income generated by domestic output (GDP at factor cost) was $35.5 
billion in 1961 and $60.1 billion in 1971. Employment grew at 3.3% per 
annum from 4.999 million man-years in 1961 to 6.924 million man-years in 
LOTT. 


The economy became more open to trade (particularly after the signing of 
the automotive agreement with the United States in 1966). The share of 
imports as a proportion of total supply which had been 10.6% in 1961 was 


ov 


12.7% in 1971, the average growth of domestic output being 5.6% per annum 
and of imports, 7.7% per annum. Exports grew at 9.1% per annum. Their 
share of domestic output grew from 10.6% in 1961 to 14.8% in 1971. Data 


for the years 1961 through 1971 are presented in Table I. 
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Relative Effect. .of Changes in Final Demand and Intermediate Demand 


The year to year changes in total domestic output between 1961 and 1971 as 
well as the overall change between the two years is shown in Table II. 
These changes are attributed to, what can be described as the "final demand 
effect", or the change due to changes in the level and composition of final 
expenditure, and the "intermediate demand effect" or the change due to 
changes in industrial input structures. The contribution of each effect to 


the total change is also shown. 


As a rule the contribution of the intermediate demand effect is much 
smaller than that of the final demand effect. However, in five of the ten 
years positive changes in the demand for goods and services on account of 
the two effects reinforced one another, but in the other five, a positive 
change in the final demand effect was offset by a negative change in the 
intermediate demand effect. In the two years of very low growth, 1967 and 
1970, the contribution of the final demand effect to the total change fell 


considerably. 


Growth by Industrial Sector 


During the period 1961-1971 real gross domestic output grew by 5.6%. 
Detailed data of the growth in output by industrial sector is shown in 
Table III. The table shows that the fastest growing industries between 
1961 and 1971 were transportation equipment, which became the largest 
manufacturing industry by 1971, rubber and plastics products, and mineral 
fuels, as well as the two service industries - services to business 
management and communication. Among the very slow growing industries were 
leather, forestry, fishing, hunting and trapping and other personal 
services, particularly during the second half of the period, i.e. between 
1966 and 1971, when the first three industries experienced negative rates 


of growth of output. 
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Many industries such as machinery, electrical products and metal 
fabricating experienced very high rates of growth in the first half of the 
period but grew very slowly during 1966-1971. Though not as extreme, the 
picture is similar for many other industries. For output as a whole the 
period 1961 to 1966 is one of relatively more rapid per annum growth, at 
7%, than the period 1966 to 1971 at 4%. 


Final Demand and Intermediate Demand Effect 


The change in output by industrial sector between 1961 and 1971 is analysed 
further in terms of how much of the change in the output of industries can 
be attributed to the growth in the level of final demand (scale effect), 
how much to the change in the composition of final demand (pattern effect) 
and how much to the change in the pattern of industrial demand 


(intermediate demand effect). 


In Table III the column entitled F.D. scale effect, shows the increase in 
output that would have been required from each industry if there had been a 
uniform increase (of 69%) in Final Expenditure, without any change in its 


composition or in the input per unit of output requirements of industry. 


Of the industries whose output grew faster than the average increase (of 
69%) in Final Expenditure between 1961 and 1971, there were some for whom 
the scale effect was enhanced either by a positive change in the 
composition of final expenditure, as for example for transportation 
equipment, mineral fuels etc. and/or by a positive change in the 
composition of intermediate demand, as for services to business management. 
For some, such as rubber and plastic products, the positive effect due toa 
intermediate demand was slightly modified by an adverse effect due to the 
change in the pattern of final expenditure. For the industries which grew 
slower, the table shows whether and to what extent it was the change in the 
composition of final expenditure and/or of intermediate demand that offset 


the scale effect and reduced the growth of output of the industry. 


Though in general, the intermediate demand effect contributes less to total 


change than the final demand effect, this analysis shows that for certain 
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industries, changes in the pattern of industrial demand contributed 
substantially to their change in output. These industries were, in the 
order of their rates of growth of output, rubber and plastic products, 
services to business management, textiles and knitting mills, non-metal 


mines, printing and publishing and forestry. 


The table also shows that the structure of production and input pattern of 
industries between 1961 and 1971 changed in the direction of reducing 
demand for the outputs of construction, agriculture, printing and 
publishing, forestry etc. (i.e. those industries for which the intermediate 
demand effect is negative), and of increasing demand for the output of 
rubber and plastics products, services to business management, non-metal 


mines etc. (i.e., those for which intermediate demand effect is positive). 


Analysis of Final Demand 


The period 1961 to 1971 was one of ‘export led' growth. Table IV shows the 
relative rates of growth in the demand for goods and services, by the 


various categories of final purchasers. 


Table IV FINAL DEMAND FOR GOODS AND SERVICES 
FINAL DEMAND ($KM) AVERAGE PER ANNUM 
GROWTH RATES SHARES 
1961 1966 1971 61-66 66-71 61-71 1961 1971 
CONSUMERS' EXPENDITURE 23311 29709 35950 5.0 3.9 4.4 56.6 49.4 
FIXED CAPITAL FORMATION 8246 12861 14453 9.3 2.4 5.8 20.07 ©1978 
INVENTCRIES 57 1039 362 79.0 -19.0 20.4 a 5 
GOV'T CURRENT EXPENDITURE 2295 3064 4670 6.0 8.8 7.4 5.6 6.4 
EXPORTS 7128 11253 17074 9.6 8.7 9.1 17.3 7 234 
RE-EXPORTS 135 224 333 10.7 8.3 9.5 3 .5 
TOTAL FINAL DEMAND 41172 58151 72842 re! 4.6 5.9 100.0 100.0 
IMPORTS -7964 -12300 -16778 o.7 6.4 gee -19.3 -23.0 
GOV'T REVENUE -481 -651 -1019 6.2 9.4 7.8 ~j bo? 521.4 
(SALE OF GOODS&SERV. ) 
TOTAL FINAL EXPENDITURE 32726 45199 55046 6.7 4.0 5.3 79.5 75.6 


Oo’ 


Consumers Expenditure accounts for about half of final demand but at 4.4%, 
its per annum growth rate was the slowest of the various categories, 
resulting in a reduction in its share of final demand from 56% to 49% 
between 1961 and 1971. This decline in share was almost entirely taken up 


by Exports whose share increased from 17% to 23%. 
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Exports grew by 9.1%, followed by Government Current Expenditure at 7.4% 


and Fixed Capital Formation at 5.8%. 


Fixed Capital Formation had grown almost as fast as Exports between 1961 
and 1966 at 9.3% per annum but between 1966 and 1971 Investment growth fell 
back to 2.4% accounting for the slow growth in the output of capital goods 
manufacturing industries during this period, which has been observed 


earlier. 


Impact of Final Expenditure 


The level of final demand for the output of the various industries as well 
as total imports of the products of those industries in 1961 and 1971 is 
shown in Table V. The change between 1961 and 1971 is analysed in Table VI 
in which the relative contribution of the different categories of final 
demand and of imports to the total change in final expenditure for the 
output of industries, between those years, is also shown. Looking at the 
major industries in the order of their growth rates between 1961 and 1971, 
it is of some interest to note that Exports played the dominant role in the 
contribution of final demand to the growth in transportation equipment and 
the following major primary, extractive and resource based industries - 
mineral fuels, metal and non-metal mines and agriculture, primary metal and 
paper and wood industries. Consumers expenditure was dominant for 
communication, textiles and the utilities and in the cases of rubber and 
plastics products and transportation, both Consumers Expenditure and 


Exports made an almost equal contribution. 


During this period Imports increased and moderated the growth in final 
demand. The increase in imports was important in the case of 
transportation equipment (vehicles and parts) and in the case of capital 
goods of all categories including machinery and electrical products. 
Imports of industrial inputs such as primary and fabricated metals, 
chemicals and mineral fuels also increased as well as those of manufactures 
such as plastic products, food and beverages, textiles and miscellaneous 


manuf actures. 
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The Structure of Production 


Forward Linkage in Intermediate Production 


Table VII shows the forward linkage vectors (with imports endogenized) for 
1961 in column (1), for 1971 in column (3), as well as the hypothetical 
linkages corresponding to a Canadian economy with 1971 technology and 1961 
propensities to import (as embodied in the 1961 import share coefficients) 
in column (2). In 1961 the most strongly forward-linked sectors were 
transport, finance and real estate, and wholesale trade, followed by 
primary metals, and pulp and paper products. This reflects the dependence 
of the economy on "infrastructure" in the case of the first three, and a 
reliance on two basic materials in the latter cases. Not surprisingly, 
column (3) shows the same ranking of the first four sectors in 1971, but by 
then chemicals had displaced paper as the fifth most strongly 


forward-linked sector. 


Columns (4) and (5) of Table VII show changes in forward linkages measured 
as changes in shares of the one million constant 1961 dollars to which each 
eigenvector is normalized. Recalling that these vectors are aggregates of 
a much more detailed industrial break-down, an indication of a significant 
uniformity of the linkage trend in elements of the aggregate is shown by an 
asterisk (*): this indicates that at least 75% of the total absolute value 


of changes in shares of the elements of the aggregate are of the same sign. 


The changes in both technology and propensities to import from 1961 to 1971 
resulted in the changes in forward linkage shown in column (4). A variety 
of sectors loosely based on "renewable" resources declined in forward 
linkage: agriculture, forestry, food and beverages, wood, paper, and 
printing. Additional significant declines may be noted for petroleum and 
coal products, construction (which is entirely repair construction), and 
accommodation and food services. The decline in repair construction is 
likely related to the younger capital stock in 1971 which resulted from the 


large investments of the early 1960's. 


Column (4) shows major increases in forward linkage for a variety of 
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infrastructure sectors: transport, wholesale and retail trade, 
communications, and services to mining and to business management. 
Electricity and mineral fuels increased in forward linkage, as did rubber 


and plastics, textiles, primary metals, metal fabricating, and machinery. 


The changes in forward linkage owing to changes in import propensities 
alone, as shown in column Gs are generally smaller. Transport equipment, 
chemicals, and miscellaneous manufacturing declined as a result of changing 
import shares, and finance and real estate increased, whereas there was no 
significant trend for these sectors in column (4). There was increasing 
forward linkage both as a result of changing import shares and technology 
in the case of mineral fuels and transport. Finally, there are a number of 
instances of significant but opposite trends in columns (4) and (5): the 
agriculture, food and beverage, and petroleum products sectors exhibited 
increased forward linkage in consequence of changing import shares, whereas 
their total forward linkage in fact declined; and sectors such as rubber 
and plastics, textiles, and primary metals displayed decreasing forward 
linkage owing to changing import shares, whereas their total forward 


linkage increased. 


The general picture given by this analysis is one of a Canadian economy 
less dependent on intermediate consumption of domestic renewable 
resource-based goods, and increasingly dependent on intermediate use of 
domestic infrastructure items, domestic energy, plastics, metals, and metal 
goods. It would appear that changes in the structure of imports have 


moderated the trends owing purely to technology. 


Industrial Input Structures 


Change in Industrial Input Patterns 


Industries change their input structures on account of changes in the 
commodity-mix of their output but more importantly as a consequence of 


changes in the techniques of production. 


A summary measure of the extent to which industries changed the commodity 
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shares of their input structures between 1961 and 1971 is shown in Table 
VIII. Industries are ranked by their rate of growth of output. As this 
analysis is concerned with changes in industrial input structures it does 


not distinguish between domestically produced and imported inputs. 


The knitting, clothing and textile industries were among the industries 
which underwent maximum change in input patterns and the tobacco products 
industry, the manufacturing industry with the least change in input 


~ structure. 


No particular relationship between the rate of growth of output of an 


industry and changes in its input structure is discernible. 


Direct and Indirect Input Requirements by Industries 


Industrial input structures can also be analysed in terms of the direct and 
indirect requirement of industries for domestically produced and imported 


goods and services and for labour. 


The main picture that emerges from such an analysis, also shown in Table 
VIII, is that whether as a consequence of increased specialization, 
increased intra-industry transactions, or changes in input requirements, 
most industries marginally increased their direct and indirect use of 
domestic goods and services per thousand dollars of output, between 1961 
and 1971. However, some service industries such as services to mining, 
communication, retail and wholesale trade and education and health reduced 
their demand for all categories of goods and services. Other industries 
which substantially decreased their direct and indirect demand for domestic 
goods and services were transportation equipment and leather but this 
decline was in part offset by an increase in their direct and indirect use 
of imports, as was also the case for other manufacturing industries showing 


reduced demand for domestic production. 


In general, industries increased their import requirements, indicating that 
on average there was a relative decline in the share of domestically 


produced goods and services in total intermediate demand. 


25 


tines sit “hed page canada 
bad qgab tres ° ——_ (ilestidenop: wot estrteubm:  JSoumntiypes toettihal 
ES St ee 


eidal ay oworla cafe ,stegiens ne done mort eapqems” gartd sniacbis a oti 
witeriisimeos baemstont Yo sonaups@noo « ee taflbety Send eh. GERRY 
-etoene: tues Joq@i 41 sagheric mw .enoijasunnt’ yifmibni-eting Beéegenant 
% ey jJaeritnt ome ivents tists oseeeiml Plichigss -réicteeet [Seon 
ia°i neented ,jugtue Ww sankion teeuais 194. epalucee lem eboes ai igeadh 
ceriada of sesivies ce dour ani-rsenstin? eatvise sos ,javews +. 1¥O) ne 
Tene? Mlcel bes. metiaovbe bee whos) sleewiode bos iteteronivecionenss 
esitievtn: .9i0 .owoivesd Ga sboan To solyopadén Jie geV retanenly tied! 
Siteseno rol benmeb doesthng bre tetit aierlt baresaosth +i lebtomiedee sola 
e293 ud ietieel bes Jesagiurs..qceltatiagganss Siaw sexivise tna. aboop 
eu ioetibel ong teetth stent ak eeeetoni os vd teats 3409 Ab we ealiieeh 


> 


oniwarts oul+4eubat erik udoeTtunaa astic wt anes -o¢/ ofls asw as ,sds0gek Yo: 


eens rene 28 Sane Se 


jets onbteolbat _t3riamostgadt Seo ipl lake ssiiteuent .istenag! nk 
citeattesmas % @yede wt ab @nkiasD sviseior = aaw soul) aginewe! ao 


a ee a 


All but two industries, fishing, hunting and trapping and personal 
services, showed an increase in labour productivity. They showed a decline 
in the man-years of employment directly and indirectly required to produce 


a dollar of industrial output. 


Input Substitution 


The analysis of changes in input requirements is taken further by the 
technique of examining changes in the commodity-mix of the intermediate 
demand that would have been required to produce the goods and services 
demanded by final purchasers in 1971 (less total imports) if the output mix 
and input structures had been those of 1961, 1966, and 1971. Table IX, 
shows the resultant demand for each commodity as a proportion of total 
| intermediate demand and the average annual rate at which their shares 
- changed between 1961 and 1971. The table shows that commodities for which 
the rate of change is positive increased their share at the expense of 


commodities for which the rate of change is negative. 


Although it is not possible to identify exactly which commodities were 
substituted, one for the other, a broad picture does emerge. Industry 
appears to become more energy efficient, with an observed shift away from 
coal and fuel oil towards natural gas and electricity. Between 1961 and 
1971 the share of industrial chemicals and plastic fabricated products grew 
sharply, whereas the share of wood and wood products and paper and paper 
products all declined. Within the metals group it is evident that the 
share of iron and steel and aluminum products increased, whereas the share 
of nickel, other non- ferrous metal products, copper and other metal 
fabricated products declined. Among the services, a relative decline in 
the use of postal services and an increase in the use of telephone and 


telegraph services can be observed. 
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CONCLUSION 


The paper has attempted to highlight some of the changes that took place 


during the decade of the sixties in Canada's industrial structure. 


The period between 1961 and 1971 was one of relatively high average growth 
in the output of goods and services. The economy became more open to 
trade. Exports gained in importance. Imports grew faster than domestic 
output, though not as fast as exports. High rates of growth in Investment 
during the first half of the period, slowed down noticeably in the second 
half. 


Natable in regard to the country's industrial structure was the marked 
growth of the transportation equipment industry, which was a consequence of 
both a sharp increase in Exports and an increase in Consumers Expenditure, 
as well as an increase in intermediate demand on the part of the industry 


itself, for its own products. 


The increase in transportation equipment dominated the growth in exports. 
Other industries which made an important contribution to the increase in 


exports were mineral fuels, paper and wood, primary metals and machinery. 


In regard to the interdependence of the economy, the analysis of "forward 
linkages" showed that the broad picture was of a production system less 
structurally dependent on the domestic production of renewable resource 
based industries, on petroleum and coal products and on repair 
construction, while becoming in general more structurally dependent on the 
domestic production of energy goods, plastics, infrastructure services, 


services to business management, metals, and metal goods. 


The analysis of "input substitution" came to the same conclusion and 
showed, for example, that the use of domestically produced industrial 
chemicals, plastic fabricated products and man made fibres, iron and steel 


and aluminum products, and business services increased. 


During this period, industry appeared to become more energy efficient while 
at the same time the use of domestically produced mineral fuels increased. 


A small shift away from coal and fuel oil towards natural gas and 
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electricity also occured. 


By and large industries marginally increased their total direct and 
indirect requirements for goods and services except for certain service 
industries such as services incidental to mining, communications, trade, 
education and health, and some manufacturing industries, whose requirements 


declined. 


With respect to Imports, the majority of industries increased their 
dependence on imported inputs. However, in general, changes in the pattern 
of imports paralleled those of domestic demand so that the structural 
change in industrial use that took place during the period can be 
attributed more to changes in the input requirements for production and the 


output-mix of industries than to the pattern of imports. 
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APPENDIX 


I Analysis of Structure - The Dominant Eigenvector 


There is an extensive literature on the importance and interpretation of 
the dominant eigenvector, i.e. the eigenvector corresponding to the 
dominant eigenvalue, for dynamic Leontief systems which typically include a 
Capital matrix. Structure, can however, also be viewed as a_ static 
concept. This section will attempt to show how the right dominant 
eigenvector of a static I-O0 system may be interpreted as an indicator of 
structure in the sense of indicating the relative strength of the forward 
linkages associated with each industry. Comparing changes in the 
eigenvector over time therefore provides another measure- of structural 


change in the Canadian economy. 


The right eigenvector has been described as representing the general 
structure of linkages of the technology matrix by Levitt in the Statistics 
Canada Input-Output Study of the Atlantic Provinces Z pb. 254. 00710 The 


following development is a clarification and extension of this methodology. 


We begin with the usual power series expression of the solution to a static 


I-O system for a semi-positive final demand Y: 


where 
ke eonpodl a atpay!7: 


It is straightforward to show that there exists an integer N such that for 
any Y, 


Me N 
xX «& Kyr x. 
where Ky is a scalar constant, r is the dominant eigenvalue and - the 


corresponding eigenvector of the technology matrix DB. 


Although the eigenvector (which is real and semi-positive) is unique only 
up to a scalar multiple, there is information contained in the relative 


ranking of its elements. The last expression suggests that independent of 


a 


vim sa tas Bg sieneri ww 
wir al ae Rien, ice 


lazenuo. std ee ag as. “beciadest nesd aac doJadyeaghe ang, = 
evivetiese alt at s¢20ed yd ekadome von stadind i. to sapedni Ye sWilouives 
sti > B@S.q & epanivew9. sbimeldA ond Yo vider Jug tists rey shatw) 
-(otlehonton eins to qmiensee Gre plitesrtinels e ef damgiiewl gadwalias 


atjete & oF MOhJoloe aly lo fotesei@ee est7ee 4eweq, leven of) Weis wiow af 
eY ied lant? avi 1220q~ mee" @ 2073 suteee O-1 


rc} sede dowe 4 yapeJme os agetxe spelt Jody: woe) oo Dapwacwdapletse BE Fl 


.. ne- 


Pagtin 


ef? A Dns ‘‘elieeaans Suankmes 83 eh a dnetenge ataleve © ef A sere 


i 


WS ritagen yaotonifons ans Te alii ool oMgesito9 — 


elw supiew 2: (oviizedq-imee she feea af dotdw) sdageviepia ne) 
oviddier odd al tepéédeoo naldamsdtnd, et. evens Sige pou Rinse * 02 aa 
% soubusgeboar jedi efadppue nefeessque Jegl SAT or ast. ba 


~*s 


¢ 


the final demand the industry corresponding to the largest element of the 
eigenvector has the largest N-th round gross output, and will continue to 


do so for all succeeding iterations. 


It is essential to avoid the fallacy of attributing any implicit time 
dimension to the power series solution. We note that there exists an 
integer N such that for any demand Y the solution may be written as 

x zy + 5) (0B) + Ky (rN DX, 

n=l l-r 

Numerically, N may be determined by specifying a desired criterion and 
accuracy of convergence. If Zk. is the dominant eigenvector of (DB)', and 
is therefore real and semi-positive, the following can be proved: 

Ky = as i 
for Zi such that 


Loh cos 
fat 


With these facts it is clear that in general gross production in a Leontief 
system is the sum of three terms: the net production Y, a portion of 
intermediate production which is linear in Y and exhibits a pattern 
dependent on Y, and a portion of intermediate production which, although 
also linear in Y, exhibits the pattern of the dominant eigenvector of DB 


for any arbitrary Y. 


The dominant eigenvector is therefore of fundamental structural importance 
in the composition of intermediate production. The relative size of the 
value corresponding to a given industry in the dominant eigenvector is an 
intrinsic measure of that industry's importance as a producer of 
intermediate goods, which is determined by the structure of the production 
system. In this sense we can refer to the dominant eigenvector as an 


indicator of the forward linkage of industries. 
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APPENDIX II 
DEFINITION OF FINAL DEMAND AGGREGATION 


IN TERMS OF L SEQUENTIAL NUMBERS 4 


FINAL FINAL DEMAND TITLE L 


DEMAND NO SEQUENTIAL NO 
ee ee eae ese et eS eee ee 


Consumer Hxpenditure...< cere to cic smears ole 1-40 
Fixed Capttal! FOLMAtTON. ©. cise ete stelle clan el — lO 
UNVENTOTL ES siisisists esc scle esc cleeiccece LLO—12 1 
Gov"t Curren’ Expenditure... cs .c.csces, 122-127 
EEXDOMaCSisteeiet ele ele elele) eleleve |e) aleiel oe.) slevcveieyelsseue oo 
ROMER OLE Sists stelsls ele sielals Wikis ys eiolele.eeinietere cso 
LINPOLES Ts winic ceveieie se se\s «o/s ce ssi a) aleheelele ore MUO 
Gov't Revenue from the Sale of 

Goods and Semvicesicn s sceweseeseccevwes: Lol—L36 


OnNInDULPWNHFE 
. 


ee rt nna Sa cg ee eS PE SSS FE eerie ne a eC eT 
DEFINITION OF INDUSTRY AGGREGATION 
IN TERMS OF L SEQUENTIAL NUMBERS 


and U.N. INTERNATIONAL 
STANDARD INDUSTRIAL CLASSIFICATION (MAJOR GROUP) 


M -— INDUSTRY M = INDUSTRY TITLE L UN 
NO SEQUENTIAL IS iG 
AC ELCULEWLCt heleke leis clelel<.s eleleles © chert etele 1 aslele melee 
VimLONCS ClaV erolotote fehGr el eieete o)eeieie oe eiets ereterele Z 2 Ne eZ 
3. Fishing, Hunting Trapping......... 3 1S lO 
Hemel anla MANIC Glateteteralnlionelslsielere ereveleis a ieisrer ele 4-7 230 
gee Maem AIT CUIS steers s ccc 4.5 ois © s ose operates 8-9 ZNO 220) 
6. Non-Metal Mines & QuarriesS....-e2se. 10-14 290 
7. Services Incidental, to, Mining. <i cme LS 
8. Hood §& Beverage’ Industries. secs. LO-32 gla hess whe! 
9. Tobacco Products Industries.....005. 33=—34 314 
10. Rubber & Plastic Products Ind..... 35-38 5555 6356 
HANS” WSerceishe Mei ako an OOUOM OOOO ee 32358324 
Oe extitem indus tres ercrorcc se siciciele srs'e aie 149-0) 520 
SPRL tlie Mp reise eielels cterelele eishoreistelele mes O-eon! 321 
idee CKO clwhales AGA ChiE Sena OO UOC UOOOOOO.  »2k5, 322 
15.5 | WoCd. Induetri esc. s senses ccossen se ses, L904 331 
16. Furniture & Fixture Industries..... 65-68 332 
ivi sapem ee Atired® Industries cc ac.ccisrcicne OOrw 341 
Loewe Primteines & ePubi sti Coe se eels) ie wiofokeren eo 74 342 
1O0 “Primary Metal Industries. ...esssees 7-02 B04..6 372 
20. Metal Fabricating Industriesa .se. ooo) 381 
Zieuiachinery wIindustrvesines scceetemts ac ooo) 382 
225° transportation Kquapment Inds.c.c..  20—102 384 
23. Electrical Products Industries..... 103-110 383 
24. Non-Metallic Mineral Prod. Ind..... 111-120 369 
25. Petroleum & Coal Products Ind...... 121-122 353,354 
26. Chemical & Chemical Prod. Ind...... 123-130 351, 352 
27.) Mise. Manutacturing Industries...... Lal—137 S6i,, S62, 385, 390 
28 a mConstenuctd OnmIndustryeissisigeleme oes e loos 500 
2955 Transportation. & Storage oon. cwcecss 247-157 JI = 7134 FL 
30, -Commupacats Cis. veusc er aee cence sevens LIne LOD 720 
31. Elec Power, Gas, Other Utilities... 161-163 410, 420 
32) Wholesale “TPradGecislsiciclce cicisielseieieis(ele/e a) 404, 610 
935, (ReESIL Tradecss variates cceovevesess, LOD 620 
34. Owner Occupied Dwellings.....sece+- 166 
35. Other Finance, Ins. & Real Estate.. 167-170 810, 820, 821 
36. Education & Health Services....e... 1L/1-173 931-933 
37. Amusement & Recreation Services.... 174-175 941, 942, 949 
38. Services to Business Management.... 176-177, 183 832, 833 
39. Accommodation & Food Services...... 179 631), 632 


40. Other Personal & Misc Services..... 178,180-182 951-953, 959 

41, ‘Transportation. Mareins. 065.0000 15/ 

42. Operating, Office, Lab & Food...... 184-186, 
~ 188, 192 


Dummy industries 
43. Travel & Advertising, Promotion.... 189-190 y 
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DEFINITION OF COMMODIEY AGG REGATION 
IN TERMS OF L. SLQUENTIAL NU MBERS 


es CMe Diry M - COMMODITY THIELE & Le M-COMMODITY —M - COMMODILY TELL I 
SEQUENTIAL NO NO SEQUENTIAL NO 
TMG RAING coc sos 6-8 Ss) FABRICATED STRUCTURAL METAL PROD... 276-279 
DM TAWA TS ace ee Sree ro sce eceemescsroeeecnee- toes TERS - 82) OLNER METAL FABRICATED PRODUCTS... PO. 29K, WIT 
3 OTHER AGRICULTURAL PRODUCTS teva 9-23 83 AGRICULIURAL MAC TIP NEERY occ ceccsceevsgncnsencsscwscane 314-418 
4 FORESIRY PRODUCTS. .......c:ccccessseccseeserenereeeeees 24-28 64. OTHER INDUSTRIAL MACHINERY ....cc:cee ces 416-329 
SA FISHPUANDINGS WS... <:.-tgee 29 $5 MOTOR VEHICLES ....ccseecsecsseccneesneseserasnntenneceseceneznce 334-339 
6 HUNIING & TRAPPING PRODUCTS......ccc eee 30 $6 MOTOR VEHICLE PARTS. i can V4). 344 
7 IRON ORES & CEMCEN TRATES eae 34 67 OLHER TERANSPOR FE EQUIPMI > Saige eae YW. 333. WS. 382 
8 OTHER METAL. ORES & CONCENTRATES .......... 31-33, 35-36 68 APPLIANCES & RECEIVERS.HOUSE WO Oae one 200, ASR- AST 
a 37, 40 SO OLHER ELECTRICAL PRODUCTS ......ccceieseecenes SR. V4 
10 CRUDE MINERAL OILS... .cccccseceeesereenseeceeeenenees 38 oo CLEMENTE & CONCRETE PRODUCTS. ee ea) 
Ti NATURAL GAS cescsccccctsscccsessseverssasrnnsbantsssseneeetenensennes 39 61 OLHER NON-METALLIC MINERAL PROD, cece 376, WRO- 393 
12 NON-METALLIC MINERALS .....cccececseeseeeeeees ies 62 GASOLINE & FUEL ODL cee ceeesecetcretenetrens W4. WO 
13. SERVICES INCIDENTAL TO MINING...... 5! 63 OLHER PETROLEUM & COAL PROD...... ee 248, 397- 402, 948 
1a, MEATS PRODUCTS euaeere 22 b schth sti 52-66 64. INDUSTRIAL CHEMICALS .......cccssecctsereeeseeseecnicenee 117, 404-407, 411, 416 
1S DAIRY PRODUCTS «.2.0.....:.---t-cceereesesneeeee 67-74 470, 473-474, 479- 4X0 
IGERISHPRODUGIS on wie eo toc ens ae GSU ER VRTCN ZR Giese fesssst nsec cet etete see eaeegensrcvacecnctcenaacensceate 4)3 
17 FRUITS & VEGETABLES PREPARATIONS 76-84 66 PHARMACEUTICALS j...ccsescseeesssreccsesnnnensneersstarnsennnnet 48 
HBS ESE FETS yes esac coccnvacec ten sraaecsnre tt sea we 85-89, 100, 103, 118 67 OTHER CHEMICAL PRODUCIS 0... ecscesssetereccness 15, 409-410, 412-419, 
19 FLOUR,WHEAI,.MEAL & OTHER CEREALS........... 90-91 47)- 472, 475-478, 481- 
2) BREAKFAST CEREAL & BAKERY PROD............--+ 92-95 476 
Bae SUNG Races acter see ney seer esa caennsep eatery starcnenvoeurnsaasaetens (OL © 68 SCIENTIFIC EQUIPMENT... ecceseeceteercseterecenennerenens 497-503 
22 MISC. FOOD PRODUCTS 96-99, 102, 104, 106- 69 OLHER MANUFACTURED PRODUCTS .....---c-0 $04- $21 
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